Hand cleansers that remove dirt, desquamating cells, cutaneous secretions, air pollutants, and pathogenic micro-organisms are important for good skin hygiene, especially for health care personnel. These formulations are composed of various surfactants that can be either soaps or synthetic detergents and also contain active antimicrobial agents. Unfortunately, excessive exposure of the skin to such formulations frequently results in skin becoming red, dry, and rough, classic signs of detergent damage (ie, "dish-pan hands"). Disagreeable
sensations such as stinging, burning, and tightness are quite likely to be perceived by the user even before the visible signs of irritation become apparent.
Since health care personnel must frequently wash, it is not surprising that their hands tend to be in very poor condition. 1, 2 One serious consequence is that these workers may not follow proper handwashing procedures or may skip some washings altogether. There is evidence that damaged skin may harbor different types of organisms and shed more organisms than does healthy skin. [3] [4] [5] [6] Thus, it is extremely important that milder products be developed, without sacrificing their antimicrobial efficacy.
A number of protocols for mildness testing of personal washing products have been developed over the years. Initially, the emphasis was placed on a dermatologic expert grader's rating of irritation such as that done by Frosch and Kligman 7 in their classic studies made on the basis of their Soap Chamber Test. It was Background: Hand-cleansing products that are milder to the skin of health care personnel are being developed, but the available methodologies to appropriately evaluate these products and quantify differences are not generally being applied in well-controlled studies. Methods: Two randomized, blinded, bilateral comparison studies evaluated skin condition during use of 2 antiseptic hand preparation products: a new 1% chlorhexidine gluconate (CHG)/61% wt/wt ethanol antiseptic hand preparation in a unique emollient system for waterless/brushless application and a conventional 4% CHG antimicrobial product that is applied with water and a scrub brush. Trained technicians applied treatments 6 times (for a surgical scrub study) or 24 times (for a personnel handwash study) daily to the hands of healthy volunteers during 5 days of controlled washing. An expert grader evaluated skin for dryness, erythema, and roughness. Subjects completed a self-assessment questionnaire on skin condition. Transepidermal water loss was measured by an evaporimeter, and the skin surface hydration level was measured by an electrical conductance meter. Results: Fifty-eight subjects were enrolled in the 2 studies and received both treatments. In general, skin treated with the waterless CHG/ethanol product scored significantly (P < .004) better on evaluations of visual dryness and erythema and showed greater improvement in the level of hydration (P < .003). In the health care personnel handwash study, transepidermal water loss was less than that for skin treated with the conventional CHG product (P < .002). Subject assessments showed similar results (total score, P < .007). Conclusions: All 3 approaches of expert grader evaluation, subject assessment, and instrumentation were in concordance, demonstrating that the waterless CHG/ethanol product was gentler to skin than the conventional CHG product. (Am J Infect Control 2001;29:361-9.) December 2001 soon recognized that subject self-assessments on the basis of perceptions of irritation were extremely helpful, especially when obtained under exaggerated washing conditions. [8] [9] [10] More recently, noninvasive instruments that allow objective measurement of changes in various skin properties have become commercially available and are being increasingly used in such investigations. 11, 12 Thus, today's skin condition testing is best based on a 3-pronged approach that considers expert grader, subject, and instrument assessments when evaluating product performance and safety. 13, 14 The intent of this article is to provide a brief overview that illustrates the basic concepts of this 3-pronged approach, while presenting the results of 2 clinical studies comparing changes in hand skin condition after frequent application of 2 hand antimicrobial regimens. The studies compared a new waterless, brushless 1% chlorhexidine gluconate (CHG)/61% wt/wt ethanol-emollient hand preparation with a conventional 4% CHG water-applied product. One study compared the products used as surgical scrubs and the other evaluated them when used as health care personnel handwashes.
BASIC EXPERIMENTAL DESIGN
Both studies were single-blinded, bilateral comparisons in which treatment was randomly assigned to the subjects' right or left hand, on the basis of hand dominance. A team of wash technicians dispensed the products and performed the actual washings with standardized procedures. Only the wash technicians were aware of which product was used to treat the subjects' hands. Subjects were normal, healthy volunteers; 18 to 65 years old; and had a 0 to 3 Visual Scoring of Skin (VSS) score at baseline. Subject demographics were similar in both studies (Table 1) . Each visit consisted of having the products applied according to their manufacturer's directions for use (Table 2) but adjusted for 1 hand application by halving the volume and application time. In the first study (study A; n = 18 subjects), the wash procedures were those intended for the use of the products as a surgical scrub in the operating room (OR). Six scrubbings/applications were done each day for 5 consecutive days. One hand and forearm received a 3-mL application of the waterless CHG/ethanol product (3M Avagard Surgical and Healthcare Personnel Hand Antiseptic with Moisturizers; 3M Health Care, St. Paul, Minn) until dry. The other hand and forearm received a 5-mL application of the conventional CHG product (Hibiclens Antiseptic/Antimicrobial Skin Cleanser; Zeneca, Wilmingon, Del) for 3 minutes that was applied with the sponge side of a scrub brush and then towel dried. In the second study (study B; n = 40 subjects), the wash procedures were more typical of those used by health care personnel in the hospital units (floor use). In this case, 24 applications were done each day for 5 consecutive days, according to the respective directions for use for each product (see Table 2 ) and adjusted for 1 hand application. One hand received a 1-mL application of the waterless CHG/ethanol product applied until dry. The other hand received 2.5 mL of the conventional CHG product and was washed for 30 seconds with water before towel drying.
Expert grader ratings, subject self-assessments, and instrument assessments were performed as described in the following. Change from baseline for expert grader ratings and self-assessments was calculated for each hand at each time period, with the primary analysis being the day-5 change from baseline. A Wilcoxon signed rank test was used to compare the 2 treatments. Significance was assessed at P ≤ .05. Change from baseline for the instrument assessments was calculated for each hand, and a paired t test was used to compare treatments. Significance was assessed at P ≤ .05. SAS was the statistical package used for analysis.
Expert grader ratings
Various cutaneous signs appear as skin condition deteriorates in response to harsh cleansing. The most frequently induced effect is skin roughness, characterized by abnormal scaling and dryness, which can occur without any visible inflammation. If the skin barrier is compromised, then irritating substances can easily induce an inflammatory response, consisting mainly of redness. The first scientific paper dealing with adverse reactions to cleansers, published in 1890, described an exaggerated, reddened, scaly condition on the faces of women who washed their faces frequently. 15 In studies by Frosch and Kligman 7,8 the severity of skin damage was rated in terms of erythema, scaling, and fissures with use of an ordinal scale for each. The average for each of the 3 parameters was calculated and then summed to give a total score by which the relative irritancy of that formulation could be compared. A similar approach for evaluating changes in skin related to frequent handwashing has been used by Larson and colleagues. 2, 16, 17 A trained observer, using a 7-point ordinal scale for each attribute, judged the appearance, intactness, and moisture content. Another method used to evaluate the skin condition is Highley's stereomicroscopic method 2, 18 (VSS), which provides a single global score for skin dryness, scaling, and cracking. A trained expert observer is able to rate soap-induced dryness on the hands with a 6-point standardized grading scale with verbal descriptions.
One blinded evaluator served as the expert grader in both clinical studies. Hands were evaluated daily for visual dryness, scaling, and cracking with the 6-point VSS grading scale found in Table 3 . For these evaluations, the skin was viewed using a 2× fluorescent-illuminated magnifying lamp, similar to the procedure used by Highley et al. 18 Erythema was rated on a 5-point scale in which zero represents no observable redness and 4 represents severe erythema covering more than 25% of the back of the hand. To determine tactile roughness (study B only), the expert grader used the backs of his fingers to feel the knuckles and the backs of each subject's hands. Tactile roughness was rated on a 5-point scale in which zero represents no observable roughness and 4 represents extreme roughness of the skin. In addition, the expert grader also completed a hand skin assessment (HSA) at baseline before product applications and during the final session to rate the hands as to appearance (redness), intactness (abrasions or fissures), and moisture content (dryness).
In study A (surgical scrub study [OR] ), hands treated with the waterless CHG/ethanol product scored significantly better than hands treated with conventional with 5 mL and a wet brush, paying particular attention 2. Dispense 1 pump (2 mL) of lotion into the palm of the hand.
to the nails,cuticles, and interdigital spaces. A separate 3. Dip the fingertips of the opposite hand into the lotion and work nail cleaner may be used. Rinse thoroughly.Wash for an it under the nails. Spread the remaining lotion over the hand additional 3 minutes with 5 mL and rinse under running and up to just above the elbow.
water. Dry thoroughly. 4. Using another 2 mL of lotion, repeat the aforementioned steps with the other hand. 5. Dispense another 2 mL of lotion into either hand and reapply to all aspects of both hands up to the wrists. 6. Allow to dry before donning gloves. Health care personnel hand antiseptic Personnel handwash 1. Apply to clean, dry hands and nails.
Wet hands with warm water. (Avoid using very cold or very 2. Dispense 1 pump (2 mL) into the palm of 1 hand.
hot water.) Dispense 5 mL into cupped hands. Wash for 3. Paying particular attention to the spaces between the fingers 15 seconds. (Do not use excessive pressure to produce and under the fingernails, apply the lotion evenly to cover both additional lather.) Rinse thoroughly with warm hands up to the wrists.
water. Dry thoroughly. 4. Allow to dry without wiping. CHG in expert grader VSS (P = .0002) and erythema assessments (P = .0039) ( Table 4 ). The expert grader HSA total score was also significantly better (P < .0023) for the hands treated with the CHG/ethanol product compared with those treated with conventional CHG. Fig 1 presents a graph of the expert grader VSS scores when the products were used as a surgical scrub. In study B (health care personnel handwash study [floor use]), hands treated with the waterless CHG/ethanol scored significantly better (P = .0001) than hands treated with conventional CHG in expert grader VSS, erythema assessment, and tactile roughness assessment (see Table 4 ). Expert grader HSA total scores were also significantly better (P = .0001) for hands treated with the waterless CHG/ethanol product compared with those treated with the conventional CHG product . Fig 2 presents a graph of the expert grader VSS scores when the products were used as health care personnel handwashes.
Subject self-assessments
In addition to the visual signs of damage, various sensory skin effects such as feelings of tightness, burning, stinging, and itching will often be noted. Frosch and Kligman 7 used a discomfort measure (tightness and burning) to the exaggerated face wash evaluation. This measure has been extended by Simion et al 19 to include other key subject-perceived effects. They found that subjects could perceive product differences in sensory irritation before a trained evaluator could differentiate the products on the basis of visual signs of dryness and erythema.
Larson and colleagues 2,16,17 created an HSA questionnaire that allows the subject to assess appearance, intactness, and moisture content similar to that done by the expert grader. A fourth assessment termed "sensation," was made on the basis of the degree of itching, burning, or soreness. In our studies, this questionnaire was administered at baseline and during the final session of both studies.
In study A (surgical scrub study [OR use]), subject self-assessments (with HSA) in terms of appearance (P = .0371), moisture content (P = .0111), sensation (P = .0371), and total score (P = .0064) were significantly better for the hands treated with the waterless CHG/ethanol product compared with those treated with the conventional CHG (Table 5 ). Intactness did not differ significantly (P = .25). For study B (health care personnel handwash study [floor use]), subject self-assessments (with HSA) were significantly better for hands treated with the waterless CHG/ethanol product in terms of appearance (P = .0001), moisture content (P = .0035), intactness (P = .0001), sensation (P = .0003), and total score (P = .0001) (see Table 5 ).
Instrument assessments
Computerized evaporimetry. Measurements of transepidermal water loss (TEWL) rates through human skin can be used to noninvasively monitor changes in stratum corneum barrier function. In normal, healthy skin, the barrier is quite effective, and 
Fig 1. VSS assessment by expert grader (study A [OR]).
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water loss rates are typically very low. 20 If the barrier is not fully functional due to pathological processes or it is damaged by physical or chemical agents, there will be a corresponding increase in water loss rates that directly relates to the degree of impairment. Conversely, there will be a corresponding decrease in TEWL as the barrier is restored. This means that monitoring changes in TEWL over time not only allows one to evaluate the therapeutic response to different treatments but can also be used to determine the effectiveness of various prophylactic strategies that could be used to prevent or lessen the injury in the first place. Thus, it is not surprising that there is considerable literature dealing with TEWL measurements. Indeed, these instrument methods were the very first to be reviewed by the Standardization Group of the European Society of Contact Dermatitis. 21 When the skin is cleansed, the surfactants will cause delipidization, breakdown of the keratin alpha helixes, removal of natural moisturizing factors, and other alterations in the stratum corneum. As a result of these changes, the barrier properties of the stratum corneum are diminished, leading to elevated TEWL rates that directly correspond to the degree of damage due to this type of insult.
Over the years, a number of instrument methods have been devised to measure TEWL. Until recently, the most popular instrument has been the Servo Med Evaporimeter (Kinna, Sweden), which is performed on the basis of the Vapor Pressure Gradient Estimation Method of Nilsson 22 that was first introduced in the late 1970s. A new and improved version incorporating state-of-the-art sensors is the DermaLab TEWL Probe recently introduced by Cortex Technology (Hadsund, Denmark) 23, 24 The underlying principle in both instruments is that there is a vapor pressure gradient close to the surface of the skin that is dependent on the rate of water exchange through the skin. The probe consists of an open cylinder with sensors that are set at different fixed distances above the skin surface (Fig 3) . At each point, the local relative humidity and temperature are measured by the set of sensors, and the vapor pressure at each point is computed. The difference between the vapor pressures at these 2 points along the gradient is directly related to the rate of evaporative water loss from that skin site. The use of computerized evaporimetry has greatly increased the objectivity and sensitivity for evaluating detergent damage, while simultaneously decreasing the time required to perform the evaluations. For example, the Frosch-Kligman Soap Chamber Test 7 for assessing the irritancy of soaps requires 5 consecutive weekday exposures to 8% solutions of test formulations with expert grader assessments of erythema, scaling, and fissuring on the following Monday. With use of computerized evaporimetry to evaluate disrupted barrier function, the same series of test products can be better resolved statistically within 24 hours. This modified soap chamber test 25 or variations on this theme have been widely used to screen novel ingredients for mildness. More recently, TEWL measurements have also been proven to be quite useful in exaggerated use tests on both the volar forearm and face [10] [11] [12] 26 as well as on the hands. 27 In many cases, the elevated water loss rates precede the visual clues that the test products are irritating to the skin when washed in this fashion. In the clinical studies reported here, TEWL rates were measured at baseline and after the final session with the DermaLab equipment. The probes were calibrated with National Institute of Standards and Technology traceable standards. All operators were fully qualified and had received special instructions in the computerized evaporimetry as part of a factorysponsored training course conducted by Cortex Technology and cyberDERM, Inc (Media, Pa).
In study A (surgical scrub study [OR] ), the difference between treatments for TEWL changes from day 1 baseline to the end of day 5 (Table 6 ) did not reach statistical significance (P = .1971). In study B (health care personnel handwash study [floor use]), the TEWL score for the waterless CHG/ethanol product increased 2.7 g/m 2 /h, whereas the TEWL score for the conventional CHG product increased 4.0 g/m 2 /h. There was a statistically significant difference (P = .0017), with the conventional CHG, resulting in more transepidermal water loss during the study than with the waterless CHG/ethanol antiseptic.
Electrical measurements of skin surface hydration. It is also generally appreciated that skin-cleansing products typically cause the skin surface to become drier. There are many biophysical methods available for measuring the relative hydration state of the stratum corneum. Most are done on the basis of electrical measurements since it has been shown, most notably by Obata and Tagami, 28 that the ability of an alternating current to flow through the stratum corneum is an indirect measure of its water content. The stratum corneum is the rate-limiting barrier between the watersaturated viable epidermis and the dry outer environment. Since the diffusion of water through the stratum corneum is a purely passive process, a concentration gradient of water exists within the stratum corneum, with water content being highest in the lowermost regions and lowest in the uppermost regions. The most superficial portion of the stratum corneum will only remain soft and supple as long as its water-holding capacity is sufficient. Small, water-soluble metabolites serve as natural moisturizing factors that help bind water in the stratum corneum. In addition to removing these water-soluble components, surfactants used in skin cleansers may also extract certain lipids such as ceramides that play a critical role in establishing the stratum corneum barrier. It has been found in a series of investigations by Imokawa 29 that the residual effect of adsorbed surfactants can induce skin roughness as well. Once the barrier function of the stratum corneum is compromised, water loss from the underlying tissues can affect conductance values, making them difficult to interpret. For this reason conductance measurements are best performed before substantial accumulated insult to the stratum corneum takes place.
In Study A (surgical scrub study [OR] ), skin conductance scores were measured from day 1 baseline to the end of day 1 (see Table 6 ). The conductance score for the waterless CHG/ethanol group increased 58.5 micro ohms, whereas the conventional CHG group increased 11.6 micro ohms. There was a statistically significant improvement (P = .0006) in skin conductance with the waterless CHG/ethanol antiseptic compared with that of the conventional CHG product. For Study B (health care personnel handwash study; [floor use]), the conductance score with waterless CHG/ethanol increased 10.5 micro ohms, whereas the conventional CHG treatment decreased -5.6 micro ohms. There was a statistically significant improvement (P = .0025) in skin conductance with the waterless CHG/ethanol product compared with that of the conventional CHG product.
DISCUSSION
There was excellent agreement both between and within each study that clearly showed that the expert grader rated the waterless CHG/ethanol product to be milder than the conventional CHG product under these standardized test conditions. The ratings of erythema and dryness showed highly significant differences in favor of the waterless CHG/ethanol antiseptic, indicating this product has a lower potential to irritate and dry out the skin than does the conventional CHG product. These differences became more pronounced as the number of wash cycles increased. It was also clear that the hands washed repeatedly with the waterless CHG/ethanol antiseptic were judged to be in significantly better condition than those washed with the conventional CHG, on the basis of their combined HSA scores. Moreover, hands treated with the waterless CHG/ethanol product were rated more favorably than those washed with the conventional product when appearance, intactness, and moisture content were evaluated independently.
In good agreement with the expert grader's ratings, the subjects' self-assessments indicated that the waterless CHG/ethanol product was milder than the conventional CHG product. This was especially true for the moisture content assessment, indicating that these types of differences were readily perceived by subjects.
We found that TEWL was elevated with both test products but to a significantly lesser extent with the waterless CHG/ethanol product than with the conventional CHG product, which means that the former is less disruptive to the stratum corneum barrier. This is consistent with the HSA ratings of intactness.
In both clinical studies, we were able to document several advantages that waterless CHG/ethanol antiseptic had in skin surface hydration levels measured with the aforementioned electrical hydrometry compared with that of the conventional CHG. Washing with conventional water-applied CHG tended to dry out the skin surface. In striking contrast, all of the conductance values for the hands treated with the waterless CHG/ethanol antiseptic increased, indicating that this formulation actually moisturized the skin.
Other investigators have also found waterless antimicrobial products to be milder to the hands than the conventional water-applied products. [30] [31] [32] To our knowledge this investigation is the first to have used the 3-prong approach of expert-grader, subjective assessment, and bioinstrumentation under controlled laboratory conditions in quantifying the skin effects of a waterless CHG/ethanol antimicrobial to a conventional CHG product. These studies were limited in that only the relative skin mildness of the test products was evaluated; antimicrobial effectiveness was not examined. CHG and alcohol have long been recognized as effective antimicrobials, but proof of their efficacy in the waterless combination product must also be demonstrated. The Food and Drug Administration has recently approved the waterless CHG/ethanol combination for use as a surgical scrub and health care personnel handwash. Publication of the microbiology studies in support of the New Drug Application should be published in the scientific literature.
CONCLUSIONS
It is clear that one of the vocational hazards of health care personnel is that their hands tend to be in very poor condition as a result of being frequently washed with cleansers containing harsh surfactants and antimicrobial agents. Not only are they visually unattractive due to being red and scaly, but they also can feel very drawn and sore. Moreover, the barrier properties of the skin are compromised, making it more likely that harmful substances and organisms can penetrate the stratum corneum. Since this is a major occupational hazard, it is extremely important that milder cleansing products be developed without sacrificing their efficacy as antimicrobials.
In response to these concerns, a new class of waterless antimicrobials with emollients are emerging. The waterless CHG/ethanol product evaluated in these studies was developed to fulfill the requirements as a surgical scrub and a health care personnel handwash. This formulation is a combination of alcohol, 1% CHG, and unique liquid crystal emollients. In a series of clinical studies that were run at KGL's Skin Study Center, we were able to document with a 3-pronged approach of expert grader's ratings, self-assessments, and instrument measurements that the waterless CHG/ethanol antimicrobial is milder to the hands than the conventional CHG surgical scrub and health care personnel handwash.
